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Hierarchical  NiCo02  nanosheets  nanotubes  are  successfully  prepared  by  a  mild  solution  method  based  on 
the  template  of  polymeric  nanotubes  (PNT)  followed  by  a  thermal  annealing  treatment.  The  micro¬ 
structure  and  chemical  composition  of  NiCo02  nanosheets  nanotubes  are  characterized  by  scanning 
electron  microscopy  (SEM),  transmission  electron  microscopy  (TEM),  Brunauer— Emmett— Teller  (BET) 
analyzer,  X-ray  diffraction  (XRD)  and  Thermogravimetric  analysis  (TGA).  When  evaluated  as  an  electrode 
material  for  supercapacitors,  the  results  of  electrochemical  test  show  that  the  unique  NiCo02  nanosheets 
nanotubes  exhibit  relatively  high  specific  capacitance  of  1468, 1352, 1233, 1178, 1020  and  672  F  g-1  at  the 
discharge  current  densities  of  2,  4,  8,  10,  20  and  40  A  g-1,  respectively.  They  also  reveal  an  excellent 
cycling  stability  of  99.2%  retention  after  3000  cycles  at  10  A  g-1.  The  smart  nanostructures  of  the  NiCo02 
nanosheets  nanotubes  make  a  prominent  contribution  to  the  excellent  electrochemical  performance. 

©  2014  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

The  ever-increasing  energy  demand  has  greatly  stimulated 
extensive  research  on  high  performance  electrode  materials  for 
energy-storage  devices,  such  as  consumer  electronic  devices  and 
electric  vehicles  1  .  Supercapacitors,  have  been  considered  as  a 
kind  of  pivotal  electric  energy  storage  device  because  of  their 
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higher  power  density,  faster  charge/discharge  process,  and  longer 
working  lifetime  together  with  Lithium-ion  batteries  (LIBs)  [2-5]. 
Unfortunately,  the  existing  electrode  materials  are  less  satisfactory: 
the  low  specific  capacitance  for  carbon-based  materials,  the  poor 
cycling  stability  for  pseudocapacitive  materials  and  the  high  cost 
for  Ru02  based  materials.  Due  to  the  difficulties  on  raising  the 
specific  capacitance  of  carbon-based  materials,  more  attention  is 
focused  on  the  pseudocapacitive  materials  to  enhance  their  cycling 
stability.  Recently,  the  development  of  nanostructured  materials, 
especially  metal  oxides,  will  indisputably  provide  a  promising  so¬ 
lution  to  solve  the  above-mentioned  problems  on  account  of  the 
increased  active  surface  areas  and  short  ion  transport  pathways 
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[6-8  .  Among  various  nanostructures,  mesoporous,  hollow  and 
hierarchical  nanomaterials  have  been  demonstrated  as  prospective 
candidates  for  energy  storage,  in  view  of  their  high  surface  area, 
capability  of  alleviating  the  volume  change  during  the  charge/ 
discharge  process,  and  their  increased  electroactive  sites  [9-12]. 
Therefore,  it  will  be  of  great  significance  to  develop  efficient  and 
simple  routes  to  fabricate  some  kinds  of  electroactive  materials 
with  mesoporous,  hollow  and  hierarchical  nanostructures  for 
supercapacitors. 

Mixed  transition  metal  oxides,  typically  ternary  metal  oxides 
with  two  different  metal  cations,  have  received  numerous  interests 
recently  on  account  of  their  promising  roles  in  many  energy-related 
fields,  such  as  lithium-ion  batteries,  supercapacitors,  metal-air 
batteries,  and  fuel  cells  [13-15  .  Recently,  ternary  nickel  cobaltite 
has  been  widely  investigated  as  a  high-performance  electrode 
material  for  energy  storage  (including  lithium-ion  batteries  and 
supercapacitors)  due  to  its  low  cost,  environmentally  benign  na¬ 
ture,  natural  abundance  and  high  theoretical  capacitance.  More¬ 
over,  ternary  nickel  cobaltite  possesses  much  better  electrical 
conductivity  and  higher  redox  activity  compared  to  nickel  oxide 
and  cobalt  oxide,  which  originate  from  the  co-existence  of  the  Ni 
and  Co  species  [13,16-21  .  Therefore,  synthesizing  ternary  nickel 
cobaltite  with  a  rationally  designed  morphology  and  nanoscale 
structure  provides  one  of  the  most  practicable  methods  to  create 
high-performance  supercapacitors.  To  date,  there  have  been  several 
reports  on  the  synthesis  and  electrochemical  evaluation  of  nano- 
structured  NiCo204  materials  such  as  nanosheets  [13  ,  nano¬ 
particles  16],  nanowires  [17,18],  and  nanoflowers  [21].  In  addition, 
the  Ni2+  could  not  only  replace  Co2+  in  the  spinel  Co304  to  form  the 
NiCo204,  but  also  in  the  NaCl-type  crystal  CoO  structure  and  thus 
forming  the  cubic  NiCo02.  On  the  other  hand,  Co2+  and  Ni2+  could 
co-exist  in  any  molar  ratio  in  the  NaCl-type  crystal  structure, 
leading  to  the  possible  formation  of  CoxNii_xO  crystals.  Yang  and 
co-workers  reported  that  when  the  molar  ratio  of  Co2+  and  Ni2+  is 
1:1,  the  CoxNii_xO  products  possess  the  best  electrochemical  per¬ 
formance  [22]. 

In  this  work,  we  use  polymeric  nanotubes  (PNTs)  with  uniform 
size  as  hard  templates  for  preparation  of  NiCo02  nanosheets 
nanotubes,  which  is  synthesized  by  cationic  polymerization  of 
divinylbenzene  using  immiscible  initiator  nanodroplets  of  boron 
trifluoride  etherate  complex  and  followed  a  sulfonation  process 
[23].  Then  we  fabricate  the  NiCo02  nanosheets  nanotubes  by  a 
simple  and  economical  solution  route  with  the  synthetic  process 
illustrated  in  Scheme  1.  Firstly,  we  prefabricate  NiCo- 
precursor@PNT  based  on  in  situ  growth  of  NiCo-precursor  ultra- 
thin  nanosheets  from  the  sulfonated  gel  matrix  of  polymeric 
nanotubes.  After  being  calcined  in  air,  the  well-developed  meso¬ 
porous  and  hierarchical  NiCo02  nanosheets  nanotubes  are  suc¬ 
cessfully  obtained.  The  as-obtained  NiCo02  nanosheets  nanotubes 
are  believed  to  be  very  suitable  as  the  electrode  material  for 


sulfonated  PNT  NiCo-precursor@PNT  NiCoO:  nanoshccts  nanotubes 

Scheme  1.  Schematic  illustration  of  the  synthetic  procedure  of  NiCo02  nanosheets 
nanotubes. 


supercapacitors  for  at  least  three  reasons:  firstly,  the  higher  specific 
surface  area  of  these  NiCoC^  nanosheets  nanotubes  can  provide 
more  sites  for  redox  reaction  between  the  active  materials  and 
electrolyte  ions,  leading  to  outstanding  rate  performance  and 
specific  capacity.  Secondly,  massive  void  spaces  derived  from  cavity 
and  piling  up  nanosheets  could  effectively  buffer  the  strain 
generated  during  the  fast  charging/discharging  process,  hence 
improving  the  cycling  performance.  Lastly,  the  two  ends  of  the 
nanotubes  are  totally  open,  providing  additional  paths  for  ions  in 
solution. 

2.  Experimental  section 

2.2.  Materials  synthesis 

2.2.2.  Synthesis  of  sulfonated  PNTs 

PNTs  were  prepared  according  to  a  previously  reported  method 
[23].  PNTs  (3  g)  were  added  to  concentrated  sulfuric  acid 
(PNTs:H2S04  =  1:30,  w/w)  and  the  mixture  was  ultrasonicated  for 
10  min  to  ensure  well  dispersion.  After  being  stirred  for  24  h  at 
40  °C,  the  red  precipitate  was  collected  by  centrifugation  and 
washed  thoroughly  with  ethanol  24-26]. 


2.2.2.  Synthesis  of  NiCo-precursor@PNT 

75  mg  Ni(N0s)2-6H20,  150  mg  Co(N03)2-6H20  and  35  mg 
hexamethylenetetramine  (HMT)  were  dissolved  into  40  mL  0.7  mM 
trisodium  citrate  solution.  Then  15  mg  sulfonated  PNTs  were 
dispersed  into  the  above  solution  by  sonication  for  10  min. 
The  reaction  mixture  was  transferred  into  a  100  mL  round  bottom 
flask.  After  stirring  for  6  h  at  90  °C,  the  flask  was  left  to  cool 
down  to  room  temperature.  The  precipitate  was  collected  by 
centrifugation,  washed  thoroughly  with  ethanol,  and  dried  at  60  °C 
overnight. 


2.2.3.  Synthesis  0/MC0O2  nanosheets  nanotubes 

To  obtain  the  NiCo02  nanosheets  nanotubes,  the  as-prepared 
NiCo-precursor@PNT  composite  was  subjected  to  calcination  at 
400  °C  for  2  h  to  remove  the  PNTs  templates  and  obtain  the 
product. 

The  NiO  and  Co304  nanosheets  nanotubes  were  prepared  by 
adding  only  Ni(N03)2-6H20  or  Co(N03)2-6H20  to  the  reaction 
system  and  through  a  similar  following  process. 

The  NiCo204  flakes  were  prepared  by  a  similar  method  without 
PNTs. 


2.2.  Characterization 

The  product  morphology  was  examined  using  field-emission 
scanning  electron  microscopy  (FESEM;  JEOL,  JSM-7000F)  and 
transmission  electron  microscopy  (TEM;  JEOL,  JEM-2100).  Crystal¬ 
lographic  information  of  the  samples  was  collected  using  powder 
X-ray  diffraction  (XRD;  SHIMADZU,  Lab  X  XRD-6000).  Thermogra- 
vimetric  analysis  (METTLER-TOLEDO  TGA  1 )  was  carried  out  under 
a  flow  of  air  with  a  temperature  ramp  of  10  °C  min-1  from  room 
temperature  to  600  °C.  The  specific  surface  area  and  pore  size 
distribution  of  the  products  were  measured  using  a  BET  analyzer 
(Autosorb-iQ,  Quantachrome  Instruments  U.S.)  at  77  K.  The 
chemical  states  of  the  products  were  studied  using  the  X-ray 
photoelectron  spectroscopy  (XPS)  measurement  performed  on  an 
Axis  Ultra,  Kratos  (UK)  at  monochromatic  Al  Ka  radiation  (150  W, 
15  kV  and  1486.6  eV).  The  vacuum  in  the  spectrometer  was 
10-9  Torr.  Binding  energies  were  calibrated  relative  to  the  C  Is 
peak  (284.6  eV). 
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2.3.  Electrochemical  measurements 

The  working  electrode  was  prepared  by  mixing  70  wt%  of  the 
active  material  (NiCo02  nanosheets  nanotubes),  20  wt%  of  con¬ 
ducting  agent  (carbon  black,  super-P-Li),  and  10  wt%  of  binder 
(polyvinylidene  difluoride,  PVDF,  Aldrich).  This  mixture  was  then 
pressed  onto  the  glassy  carbon  electrode  (Aida  Hengsheng  Tech¬ 
nology  co.  Ltd,  Tianjn,  China)  and  dried  at  60  °C.  The  mass  loading  of 
the  NiCo02  nanosheets  nanotubes  on  glassy  carbon  electrode  was 
0.3 -0.5  mg  cm-2.  The  electrolyte  used  was  a  2  M  KOH  aqueous 
solution.  The  capacitive  performance  of  the  samples  was  tested  on  a 
CHI  660D  electrochemical  workstation  with  cyclic  voltammetry 
and  chronopotentiometry  functions  using  a  three-electrode  cell 
where  Pt  foil  serves  as  the  counter  electrode  and  a  standard  calomel 
electrode  (SCE)  as  the  reference  electrode.  When  testing  the  cycling 
performance  of  NiCo02  nanosheets  nanotubes,  the  beaker  used  to 
contain  the  KOH  aqueous  solution  is  covered  by  a  plastic  film  to 
prevent  the  evaporation  of  water. 

3.  Results  and  discussion 

Fig.  1  shows  the  SEM  and  TEM  images  of  the  PNTs  templates  and 
NiCo-precursor  @PNT  composite.  As  can  be  seen,  the  sulfonated 
PNTs  templates  reveal  meandering  and  long  morphology  (Fig.  1A). 
From  Fig.  IB  and  C,  the  bamboo-like  tubular  structure  and  smooth 


surface  can  be  clearly  observed.  Fig.  ID  shows  that  almost  every 
PNT  is  covered  with  NiCo-precursor  ultrathin  nanosheets,  this  may 
be  attributed  to  the  large  amount  of  functional  groups  (-SO3) 
uniformly  distributed  on  the  surface  of  the  PNTs.  As  can  be  seen  in 
Fig.  IE  and  F,  large  amount  of  uniform  ID  nanostructures  can  be 
obtained  with  a  hierarchical  architecture  compared  to  that  of  bare 
PNTs  shown  in  Fig.  1A.  These  ID  nanostructures  are  composed  of 
uniform  and  ultrathin  nanosheets  grown  surrounding  the  surface 
of  PNTs  [27]. 

The  microstructure  and  morphology  of  NiCo02  nanosheets 
nanotubes  are  investigated  by  SEM,  TEM  and  HRTEM  with  the  re¬ 
sults  shown  in  Fig.  2.  Fig.  2 A  and  B  shows  the  SEM  images  of  NiCo02 
nanosheets  nanotubes  obtained  after  calcining  the  Ni- 
precursor@PNT  composite  at  400  °C  for  2  h.  It  is  distinctly  that 
the  obtained  products  maintain  their  tubular  and  sheets-like 
morphology,  which  could  also  benefit  from  the  robust  support  of 
PNTs,  as  well  as  the  slow  heating  rate  applied  during  the  annealing. 
From  Fig.  2C  and  D  we  can  see  that  the  mesoporous  NiCo02 
nanosheets  nanotubes  possess  hollow  internal  structure  and  hier¬ 
archical  external  construction,  and  the  diameter  of  them  is 
approximately  100  nm.  In  addition,  the  thickness  of  these  ultrathin 
NiCo02  nanosheets  is  around  2-4  nm  (Fig.  2E).  The  facts  mentioned 
above  determine  that  these  superior  NiCo02  nanosheets  nanotubes 
are  extremely  suitable  for  supercapacitors.  The  HRTEM  image 
(Fig.  2F)  taken  from  the  NiCo02  nanosheets  nanotubes  show 


Fig.  1.  (A)  SEM  image  and  (B,  C)  TEM  images  of  the  sulfonated  PNTs  templates;  (D)  SEM  image  and  (E,  F)  TEM  images  of  NiCo-precursor@PNT  composite. 
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Fig.  2.  SEM  (A,  B)  images,  TEM  (C,  D,  E)  images  and  HRTEM  image  (F)  of  hierarchical  NiCo02  nanosheets  nanotubes. 


interplanar  spacing  of  0.21  nm,  corresponding  to  that  for  the  (200) 
facet  of  cubic  structured  NiCo02. 

The  resulting  NiCo02  nanosheets  nanotubes  possess  porous 
characteristic  and  large  specific  surface  area,  with  the  test  results 
shown  in  Fig.  3.  Nitrogen  adsorption/desorption  isotherm  of  the 
NiCo02  nanosheets  nanotubes  is  shown  in  Fig.  3A,  and  the 


corresponding  Barrett-Joyner-Halenda  (BJH)  pore  size  distribu¬ 
tion  obtained  from  the  desorption  branch  of  the  isotherm  is  shown 
in  Fig.  3B.  The  Brunauer-Emmett-Teller  (BET)  specific  surface  area 
of  NiCo02  nanosheets  nanotubes  is  calculated  to  be  98.9  m2  g_1, 
and  the  size  of  the  most  pores  which  originate  from  the  pile  up  of 
the  nanosheets  is  in  the  range  of  4-60  nm  (Fig.  3B).  The  NLDFT 


Fig.  3.  (A)  Nitrogen  adsorption/desorption  isotherm  of  the  NiCo02  nanosheets  nanotubes;  (B)  the  pore  size  distribution  calculated  using  the  BJH  method  from  the  desorption  curve. 


X.  Xu  et  al.  /  Journal  of  Power  Sources  267  (2014)  641—647 


645 


2  Theta  (degree)  Temperature  (°C) 

Fig.  4.  (A)  XRD  patterns  of  NiCo-precursor@PNT  composite  (I)  and  NiCo02  nanosheets  nanotubes  (II);  (B)  TGA  curve  of  the  NiCo-precursor@PNT  composite. 


pore-size  distribution  of  NiCo02  nanosheets  nanotubes  shows  that 
the  majority  of  the  pores  in  the  NiCo02  nanosheets  nanotubes  are 
in  the  range  of  4-8  nm  (Fig.  S2). 

Fig.  4A  shows  the  corresponding  XRD  patterns  of  the  NiCo- 
precursor@PNT  composite  and  NiCo02  nanosheets  nanotubes.  As 
can  be  seen,  The  XRD  pattern  of  NiCo-precursor  nanosheets  is 


similar  to  that  of  the  cobalt  nickel  carbonate  hydroxide  hydrate 
(JCPDS  card  no.  40-0216),  while  that  of  the  annealed  sample  can  be 
unambiguously  assigned  to  the  cubic  NiCo02  phase  (JCPDS  card  no. 
10-0188).  This  result  is  also  consistent  with  the  HRTEM  image.  In 
addition,  the  X-ray  photoelectron  spectroscopy  (XPS)  measure¬ 
ments  also  comfirmd  the  as-prepared  products  are  NiCo02 
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Fig.  5.  Electrochemical  characterizations  of  the  NiCo02  nanosheets  nanotubes.  (A)  CV  curves  at  various  scan  rates  ranging  from  2  to  20  mV  s-1;  (B)  average  specific  capacitance  of 
NiCo02  nanosheets  nanotubes  at  various  scan  rates;  (C)  charge-discharge  voltage  profiles  at  various  current  densities  ranging  from  2  to  40  A  g  1 ;  (D)  average  specific  capacitance  of 
NiCo02  nanosheets  nanotubes  at  various  discharge  current  densities;  (E)  average  specific  capacitance  versus  cycle  number  of  NiCo02,  NiO  [34],  Co304  nanosheets  nanotubes  and 
NiCo204  flakes  at  a  current  density  of  10  A  g-1;  (F)  average  specific  capacitance  retention  and  Coulombic  efficiency  versus  cycle  number  of  NiCo02  nanosheets  nanotubes  at  a 
current  density  of  10  A  g-1. 
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nanosheets  nanotubes  (Fig.  S3).  The  thermal  behavior  of  NiCo- 
precursor@PNT  was  studied  by  TGA,  with  the  results  shown  in 
Fig.  4B.  The  initial  weight  loss  of  NiCo-precursor@PNT  below  360  °C 
can  be  mainly  attributed  to  the  removal  of  physically  adsorbed 
water  and  partial  decomposition  of  NiCo-precursor.  When  the 
temperature  is  above  360  °C,  the  decomposition  of  the  sulfonated 
PNTs  templates  is  beginning,  thus  we  choose  400  °C  to  remove  the 
PNTs  templates.  Finally,  the  curve  flattens  out  at  approximately 
420  °C,  indicating  that  the  PNTs  templates  are  totally  removed  and 
the  NiCo-precursor  is  converted  to  NiCo02.  After  reaching  600  °C, 
the  NiCo-precursor@PNT  shows  a  total  weight  loss  of  56.3%,  the 
mass  fraction  of  NiCo02  is  about  43.7%  in  the  NiCo-precursor@PNT 
nanostructure. 

To  prove  the  superiority  of  the  NiCo02  nanosheets  nanotubes, 
we  subsequently  investigate  the  electrochemical  properties  of  the 
sample  as  an  electrode  for  supercapacitors.  Fig.  5A  shows  the 
typical  cyclic  voltammetry  (CV)  curves  of  the  NiCo02  nanosheets 
nanotubes  electrode  with  various  scan  rates  ranging  from  2  to 
20  mV  s-1.  The  shape  of  the  CV  curves  clearly  reveals  the  pseudo- 
capacitive  characteristics.  Specifically,  a  pair  of  redox  peaks  can  be 
observed  within  the  potential  range  from  0  to  0.5  V  vs.  SCE  for  all 
sweep  rates.  The  average  specific  capacitances  of  NiCo02  nano¬ 
sheets  nanotubes  are  calculated  to  be  1403,  1292,  1128,  1053  and 
771  F  g-1  at  scan  rates  of  2,  4,  8,  10  and  20  mV  s'1,  respectively 
(Fig.  5B).  Fig.  5C  shows  galvanostatic  charge-discharge  curves  of 
the  NiCo02  nanosheets  nanotubes  at  different  current  densities 
ranging  from  2  to  40  A  g-1.  It  is  obviously  that  there  is  a  plateau 
appears  in  every  charge-discharge  curve,  corresponding  to  the  CV 
measurement.  The  specific  capacitance  at  different  current  den¬ 
sities  can  be  calculated  via  Equation  (1): 

Cm  =  I  x  At/(AV  x  m)  (1) 

where  Cm  (F  g'1)  is  the  specific  capacitance,  /  (A)  is  the  discharge 
current,  At  (s)  is  the  discharge  time,  AV  (V)  is  the  potential  change 
during  discharge,  and  m  (g)  is  the  mass  of  the  active  material 
(NiCo02  nanosheets  nanotubes)  in  each  electrode.  The  calculated 
specific  capacitance  as  a  function  of  the  discharge  current  density  is 
plotted  in  Fig.  5D.  Notably,  the  specific  capacitance  is  as  high  as 
1468,  1352,  1233,  1178,  1020,  672  F  g_1  at  the  discharge  current 
densities  of  2,  4,  8, 10,  20  and  40  A  g-1,  respectively.  It  is  worthy  to 
be  mentioned  that  the  specific  capacitance  of  our  as-obtained 
NiCo02  nanosheets  nanotubes  is  preferable  compared  with  previ¬ 
ously  reported  values  of  other  NiCo204  based  nanostructures 
[13,16,17,28-33].  In  addition,  the  easy-to-make  PNT  templates 
make  it  possible  to  fabricate  many  other  ID  metal  oxide  nano¬ 
structures  in  large-scale  for  energy  storage.  To  make  a  further 
investigation,  the  cycling  stability  of  NiCo02  nanosheets  nanotubes 
is  displayed  in  Fig.  5E  at  the  discharge  current  density  of  10  A  g-1, 
the  specific  capacitance  is  around  1178  F  g-1  in  the  first  cycle,  and  it 
slightly  increases  to  1248  F  g-1  in  the  course  of  first  two  hundred 
cycles.  After  that,  it  gradually  decreases  to  1168  F  g-1  after  3000 
cycles,  resulting  in  an  overall  capacitance  loss  of  only  0.8%. 
Furthermore,  the  Coulombic  efficiency  of  the  NiCo02  nanosheets 
nanotubes  is  nearly  100%  during  the  whole  cycles  (Fig.  5F).  As  a 
comparison,  we  subsequently  used  NiO,  [34]  C03O4  nanosheets 
nanotubes  and  NiCo204  flakes  to  investigate  their  cycling  stability 
at  the  same  current  density  of  10  A  g_1.  As  shown  in  Fig.  5E,  the  NiO 
and  C03O4  nanosheets  nanotubes  display  relatively  low  specific 
capacitances  of  960  and  576  F  g-1  after  1000  cycles,  respectively.  In 
addition,  the  NiCo204  flakes  prepared  without  PNTs  only  reveal  a 
specific  capacitance  of  416  F  g_1.  The  above-mentioned  results 
reveal  that  these  mesoporous  and  hierarchical  NiCo02  nanosheets 
nanotubes  have  oppositely  high  supercapacitances  and  excellent 
cycling  stability  due  to  their  outstanding  ID  nanostructure. 


4.  Conclusions 


In  summary,  we  have  developed  a  facile  method  to  produce 
NiCo02  nanosheets  nanotubes  using  sulfonated  polymeric  nano¬ 
tubes  as  templates.  When  these  unique  NiCo02  nanosheets  nano¬ 
tubes  were  investigated  as  an  electrode  for  supercapacitors,  a  high 
capacitance  of  1168  F  g_1  can  be  obtained  at  a  current  density  of 
10  A  g'1  with  a  low  capacitance  loss  of  only  0.8%  after  3000  cycles. 
This  enhanced  performance  is  attributed  to  the  porous  and  hier¬ 
archical  structures  of  the  NiCo02  nanosheets  nanotubes,  which  can 
offer  more  contact  area  between  active  materials  and  the  electro¬ 
lyte  ions,  buffer  the  large  volume  change  during  the  fast  charging/ 
discharging  process  simultaneously.  Furthermore,  the  entirely 
open  ends  of  the  NiCo02  nanosheets  nanotubes  provide  additional 
paths  for  electrolyte. 
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